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3 章では、2 章で考案した TSE の粘弾性指標（Ea、Gr）について、TPE(TPV)への適用
性について検討した。TPV の混練り過程は、ポリマー成分を分散させながら動的に架橋さ
せることから、PP 中への EPDM の分散と EPDM の架橋が同時に進行していると考えら
れている。これが構造制御を複雑にしている所以であると考えられるが、これら２つの特
性（EPDM 分散性、EPDM 架橋度）を動的粘弾性 Ea、Gr によって、別々の構造因子と
して把握できることがわかった。これにより、TPV の複雑な構造の練り状態を正確に評価
でき、練り現場において、短時間、高精度で検査できると期待できる。更に Ea、Gr は練
り時間と共に変化する架橋 EPDM 間のフィブリル状態と、架橋 EPDM の分散状態を的確
に把握することができた。本研究において、架橋 EPDM 粒子が分裂し、フィブリルを形成
しながら細分化する新しい機構の解明は、産業上、練り工程の効率化、新しい練り機の設







の変化に着目し、練り状態と機能性の関連性を検討した。PP 比率の高い TPV では EPDM
粒子間にフィブリルが観察されたが、EPDM 組成比率が高い TPV コンパウンドでは、架
橋 EPDM 粒子は観察できなかった。したがって、フィブリルとは、架橋 EPDM 粒子の細
分化の過程でできる状態であると結論付けた。また、EPDM 組成比率が多い TPV では、
混錬により架橋 EPDM 粒子が細分化して、マトリックスに残った EPDM フィブリル残鎖
は、PP と相溶化状態を形成し擬似ネットワーク化すると推定した。このことで、良永久歪
性を発現すると考えられる。 
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In this research, in order to ensure the productivity of elastomer composites, a 
method that can simply evaluate the kneading state was developed focusing on 
reliable viscoelasticity measurement in consideration of on-site application. The 
purpose of this research is to quantify the kneading state of the elastomers. 
In chapter 2, we examined the kneading state evaluation index that can be 
practically used as a testing method in the production line in TSE (carbon black-filled 
EPDM rubber). Ea derived from dynamic viscoelasticity measurement shows the 
structural change of the bound rubber, and Gr shows the dispersion state of the carbon 
black. Both Ea and Gr can determine the rubber kneading state. It is concluded that 
Ea, Gr derived from dynamic viscoelasticity measurement is effective as an inspection 
method in the production line. 
In chapter 3, the applicability of TSE's viscoelasticity index (Ea, Gr) devised in 
chapter 2 to TPE (TPV) is examined. It is believed that dispersion of EPDM in PP and 
crosslinking of EPDM proceed simultaneously during kneading process because TPV 
kneading process dynamically crosslinks while dispersing polymer components. As a 
result, Ea, Gr can evaluate the kneading state of the complicated structure of TPV in a 
short time and with high accuracy in a kneading site. In addition, the fibril structure 
and the dispersion state of cross-linked EPDM also estimated by Ea and Gr. In this 
research, clarification of the new mechanism of fragmentation of cross-linked EPDM 
particles and fragmentation while forming fibrils has been proposed, which supplies 
the information for improvement of kneading process, and design of high physical 
property of TPV.  
In chapter 4, it is revealed that Ea and Gr can be the indexes for the dimension 
recovery property and the surface roughness of the products. From this fact, it is 
expected that these indexes can accurately predict the kneading state and the 
properties required for the product, and can be utilized as a process guarantee index 
for compounds. 
In chapter 5, the change of network structure in the kneading process due to 
fibrillation among cross-linked EPDM particles is focused, and the relationship 
between the kneading state and the functionality of the product is examined. Although 
fibrils are observed between EPDM particles for TPV with high PP ratio, fibrils are 
not observed for TPV with high EPDM composition ratio. Therefore, it was concluded 
that fibrils are formed in the course of fragmentation of cross-linked EPDM particles. 
Moreover, in TPV with a high EPDM composition, it was presumed that the 
crosslinked EPDM particles were compatibilized with PP and formed a pseudo 
network, which gives good permanent distortion. 
In Chapter 6, the meaning of the viscoelasticity evaluation index (Ea, Gr) are 
described at the molecular level.  
From the above results, we have devised a method that can simply evaluate the 
kneading state at the work site in order to ensure the quality of products composed of 
elastomers. The new evaluation method of dynamic viscoelasticity parameters (Ea, Gr) 
is an inspection method which can complete the measurement in 15 minutes with high 
reproducibility, objectivity and reliability. In addition, although the measurement 
temperature range is different, there is an advantage that both the TSE and TPE 
composite materials can be measured with the same apparatus. Since the 
viscoelasticity measuring machines have made a dramatic evolution, and can 
automatically control the temperature, frequency, and strain rate in recent years, the 
new evaluation method is effective at the production site.  
  
